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English translation of Japanese Patent Laid-Open No. 2-238338 

SPECIFICATION 

1. Title of the Invention 

Lens Testing Apparatus 
Inventor: Syunnichi Akiba 
Inventor: Kazuhito Kinoshita 
Applicant : HITACHI , Ltd . 

Laid-Open Publication Number: No .2-238338 
Filing Number: No. 1-57740 
Filing Date: March 3, 1989 

2 . Claims : 

1. A lens testing apparatus comprising: 

illumination means serving as a point light source for 
applying a light to a single lens to tested; 

a collimator lens for collimating a divergent light emitted 
from said illumination means into parallel light fluxes; 

a spacing plate (Hartmann plate) having pin holes which are 
disposed at regular intervals in said parallel light fluxes 
obtained by said lens; 

a shielding plate having a moving mechanism for identifying 
the position of a light beam group emitted from said spacing 
plate ; 
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the position at which the light beam group with the position 
identified by said shielding plate is passed through the single 
lens to be tested and is converged or diverged; 

arithmetic operation processing means for processing a 
signal from said image pick-up means by arithmetic operation; 
and 

means for outputting and plotting a result of said arithmetic 
operation . 

3. Detailed Description of the Invention 
[Field of the Industrial Utilization] 

The present invention relates to an aberration measuring 
apparatus of an imaging system which experimentally executes 
tracing of a light beam. The present invention particularly 
relates to a lens testing apparatus for automatically judgement 
whether a lens having a large aberration is passable or 
defective . 
[Prior Art] 

A conventional Hartmann lens testing apparatus is described 
in "Optical Shop Testing (1978), PP323 to 349". 
[Problems to be solved by the Invention] 

In the conventional apparatus described above, the distances 
of a light beam passing through a lens to be tested from the 
optical axis are measured at two points in the vicinity of the 
focal point so as to calculate an aberration . However , no 
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consideration is given in this prior art for the correspondence 
between the light beam positions at the two points for measuring 
the positions. Thus, there arise a problem of identification 
of the light beam position when the light beams are crossing 
each other. 

The present invention aims of recognizing light beam 
positions, and further aims of measuring an aberration and the 
lens performance easily at high speed with a simple apparatus. 
[Means for Solving the Problems] 

In order to achieve the above objects , a shielding plate with 
a moving mechanism is provided to be moved in two direction, 
that is, in the up-and-down direction and the right-and-left 
direction, thereby allowing an entrance light position and an 
exit light position to be corresponding to each other. There 
is also provided an MOS camera having a moving mechanism for 
measuring a light beam position. 

Further, there is also provided an arithmetic operation 
processing apparatus for processing an image pick-up signal by 
arithmetic operation . 
[Mode of Operation] 

According to the present invention, the shielding plate is 
moved in the up-and-down direction and the right-and-left 
direction, whereby, out of a light beam group emitted from the 
spacing plate (Hartmann plate), which light beam is passed 
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through which position in the vicinity of the focal point can 
be recognized. As a result, even in a light beam group in which 
light beams are crossing each other in the vicinity of the focal 
point, the positions of the light beams can be recognized and 
measured, which means that it is possible to measure an 
aberration of any lens . 
[Embodiments ] 

An embodiment of the present invention will be described 
below with reference to Fig. 1. 

First, the entire configuration of the embodiment will be 
described, in which there are provided a laser oscillator 1 for 
emitting a laser beam, an objective lens 2 to be used in a 
microscope for condensing and diverging the laser beam from the 
laser oscillator, a pin hole 3 disposed at the focal point of 
the condensing lens for removing the noise created by 
diffraction, a collimator lens 4 for collimating the divergent 
light, a spacing plate (Hartmann plate) having a large number 
of pin holes which are disposed perpendicularly in the 
collimated light fluxes, a shielding plate 6 having a mechanism 
which is movable in the two directions, that is, the up-and-down 
and right-and-left directions, for scanning the laser beam 
emitted from the spacing plate, a lens 7 to be tested, an image 
pick-up surface 8 of an MOS camera capable of identifying the 
positions on which a large number of light beams created by the 
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spacing plate are applied in the unit of picture elements, and 
a moving mechanism 9 for moving the image pick-up surface. 
Further, reference numeral 10 denotes a control circuit for 
controlling the movement of the shielding plate 6 and of the 
image pick-up surface 9 and a computer for processing a result 
of the measurement by an arithmetic operation. There are also 
provided a plotter 11 for plotting a result of the arithmetic 
operation, and a printer 12 for printing the measurement data 
and the contents of the arithmetic operation. 

Next, an operation of the entire configuration described 
above will be explained. A laser beam emitted from the laser 
oscillator 1 is converged or diverged by the objective lens 2 
which is to be used in a microscope. The pin hole 3 is disposed 
at the focal position (convergent point) of the objective lens 
2 for removing the noise optical component which is produced 
by diffraction. The light converged or diverged by the 
objective lens 2 is collimated to become parallel light fluxes 
by the collimator lens 4 having no aberration, reaches the 
spacing plate 5 having a large number of pin holes 5' and passes 
through the pin hole portion. The group of a large number of 
light beams passing through the pin holes reaches the shielding 
plate 6 which is described later more specifically. Though not 
shown in the drawing, the shielding plate has a mechanism 
capable of moving in the up-and-down and right-and-left 
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directions, so as to be controlled by the control circuit and 
computer 10. With the movement of the shielding plate 6, the 
light beam which is not shielded by the shielding plate 6 reaches 
the lens 7 to be tested. When this lens 7 is a convex lens, 
the above light beam becomes a converged light , as shown in the 
drawing, and reaches the image pick-up surface 8 of the MOS 
camera- When the lens 7 is a concave lens , the transmitted light 
becomes a divergent light. However, this divergent light is 
changed into a convergent light by the condensing lens having 
no aberration and reaches the image pick-up surface 8 in the 
same manner. Next, the image pick-up surface 8 is moved from 
the point A to the point B by the moving mechanism 9 which is 
controlled by a control signal of the computer and control 
circuit 10. The image pick-up surface at the point B is denoted 
by 8 ' . The height of the image pick-up surface 8 at the point 
A from the optical axis of the light spot to be measured is 
denoted by h X/ and the height of the image pick-up surface 8' 
at the point B from the optical axis of the light spot to be 
measured is denoted by h 2 . The relation among the distance 1 
from the point F of intersection between the optical axis and 
the light beam to be measured to the image pick-up surface 8 
at the point A and the heights hi and h 2 is expressed as follows: 
1 = (hi/ (hi + h 2 )) X l ... (1) , 
where L is the distance between the point A and the point 
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where L is the distance between the point A and the point 

B. 

More detailed description will be made with reference to (a) 
of Fig. 4 which shows a focal point portion only. On the 
assumption that the point P x of intersection with the optical 
axis at the point A on the image pick-up surface 8 is the origin, 
the axis 1 is plotted along the optical axis and the axis h x 
is plotted in the direction perpendicular to the axis hi, the 
light beam intersects the point C and the point D, so that P^C 
= hi and P 2 D = h 2 are obtained as the measured positions of the 
light spots on the image pick-up surface 8. For the point F 
of intersection between the light beam and the optical axis, 
PiF = 1 is obtained from the expression (1) . Further, when the 
optimal focal position (the minimum circle of confusion or a 
Gaussian image point) Fo is taken into consideration, if the 
distance from the Pi is denoted by Lo, the distance A 1 between 
Fo and F is an amount called a longitudinal aberration and is 
obtained from the following expression (2): 
A 1 = 1 - Lo ... ( 2 ) . 

The distance A h from Fo to the light beam in the direction 
of the axis h is an amount called a lateral aberration and is 
obtained from the following expression (3): 
Ah-Al/lXh ... (3). 

As shown in (a) of Fig. 3, the large number of pin holes are 



8 



with respect to these light beams in one line having different 
h, and then, on the assumption that h is plotted along the 
ordinate while 1 or A 1 is plotted along the abscissa, an 
aberration curve 1(h) can be obtained. These series of 
arithmetic operations are executed by the computer 10, and a 
result thereof is output to the plotter 11 and the printer 12. 
A typical measured data for a spherical aberration is shown in 
(b) of Fig. 4. 

A mechanism for moving the shielding plate 6 in the two 
directions, that is, the up-and-down and right-and-left 
directions, will be described with reference to Fig. 2. First, 
the entire configuration of the mechanism will be described. 
The entire mechanism comprises shafts 13, 14, 15 and 16 for 
guiding the movement of the shielding plate, ball sliders 13' , 
14 ' , 15 ' and 16 ' , the shielding plate 6 , a housing 17 , mechanisms 
18 and 19 for causing the shafts 13, 14, 15 and 16 to slide, 
and motors 20 and 21 serving as the driving sources of the moving 
mechanism. When a movement control signal from the control 
circuit 10 is supplied to the motors 20 and 21, the motors 20 
and 21 are rotated and the shielding plate 6 is moved by the 
mechanisms 18 and 19 which have the screw shafts (not shown) 
directly connected to the motors and rotating with the motor 
shafts . 

Next, the shape of the spacing plate (Hartmann plate) 5 will 
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be described with reference to Fig. 3 and Fig. 5. The spacing 
plate shown in (a) of Fig. 3 is a spacing plate for measuring 
the four diameters in the radial direction. In order to measure 
the position of the pin hole for each point on the image pick-up 
surface 8, a shield plate which has a hole slightly larger than 
the pin hole at the center thereof, as shown in (b) of Fig. 3 
can be employed. This shielding plate is scanned for each pitch 
of the pin hole in the radial direction. Alternatively, the 
shielding plate shown in Fig. 5 is employed to be moved in both 
directions, that is, in the up-and-down direction and the 
right-and-left direction, as shown in Fig. 7, and the position 
of a light spot in each row in the up-and-down direction is stored 
so that AND is obtained with the positional data of the light 
spot for each column in the movement in the right-and-left 
direction, whereby each light spot position of the pin hole of 
the spacing plate 5 is made to correspond to the position at 
which each light beam emitted from the pin hole reaches the image 
pick-up surface 8 . In the foregoing description, an aberration 
was to be measured form the light beams at two spots before and 
behind the tested lens. However, in the lens testing apparatus 
for judging whether the lens is passable or defective from a 
difference between the designed light beam tracking data and 
the actual one, it is sufficient to conduct measurement on such 
one point in the vicinity of the focal point at which all of 



10 



the light beams passed through the pin holes of the shielding 
plate 5 reach the entire image pick-up surface 8. 

Next, description will be made on the arrangement for 
measuring a distortion or a spherical aberration of the surface 
form of the tested lens. The arithmetic operation on 
measurement data is the same as that on the aberration of the 
transmitted light. An arrangement in which the surface of the 
tested lens 7 is concave is shown in Fig. 6 . In this arrangement, 
a laser beam emitted from the laser oscillator 1 is changed into 
converged or diverged light by the objective lens 2, passes 
through the pin hole 3 for removing a noise component of a 
diffracted light, is collimated by the collimator lens 4 , passes 
through the spacing plate having the large number of pin holes 
disposed at regular intervals to become a light beam group, is 
converged by a condensing lens 7 r , is reflected by a mirror 22 
and a half mirror 23, is reflected also by the surface of the 
tested lens 7, and passes through a beam splitter 23 to reach 
the image pick-up surface 8 . When the shielding plate 6 is moved 
in the up-and-down and right-and-left directions, the position 
of the pin hole of the spacing plate 5 and the position of the 
light spot on the image pick-up surface 8 are made to be 
corresponding to each other, so that an aberration caused by 
the surface form of the tested lens 7 can be obtained with the 
arithmetic operation by the computer 10. An arrangement in 
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which the surface of the tested lens 7 is convex is shown in 
Fig . 8 • In this arrangement , a laser beam emitted from the laser 
oscillator 1 is converged or diverged by the objective lens 2. 
The noise light component of the laser beam which is produced 
by diffraction is removed by the pin hole 3, and the laser beam 
is collimated by the collimator lens 4 to become parallel light 
fluxes and reaches the spacing plate 5. The spacing plate 5 
has a large number of pin holes disposed at regular intervals , 
and a group of light beams passing through the pin holes is 
transmitted through a half mirror 25, and reaches the surface 
of the tested lens 7 by means of the condensing lens 7 ' with 
no aberration. The light beam group reflected by the surface 
of the tested lens 7 is reflected by the half mirror 25 and 
reaches the image pick-up surface 8 by means of the condensing 
lens 24. The shielding plate 6 is moved in the two directions, 
that is, in the up-and-down direction and the right-and-left 
direction, to make the pin hole position of the spacing plate 
5 to be corresponding to the light beam position on the image 
pick-up surface 8, and an aberration caused by the surface form 
of the tested lens 7 is calculated by the arithmetic operation 
conducted by the computer 10. 
[Effect of the Invention] 

According to the present invention, since the position of 
the pin hole of the spacing plate is made to be corresponding 
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to the position of the light spot on the image pick-up surface 
in the light beam tracking by the Hartmann method, even a lens 
having such a large aberration as causing crossing of light 
beams can be measured. Consequently, the range of the 
measurement can be enlarged. 

Also, the time required for the measurement can be reduced 
since the arithmetic operation can be executed more easily by 
the corresponding relation of the light beam position. 

4 . Brief Description of the Drawings : 

Fig. 1 is a view for showing the configuration of an 
embodiment according to the present invention. 

Fig. 2 is a view for showing the configuration of a moving 
mechanism of the shielding plate 6 shown in Fig. 1; 

Figs. 3(a) and 3(b) are views for showing spacing plates; 

Figs. 4(a) and 4(b) are views for explaining an aberration 
calculation; 

Fig. 5 is a view for showing another spacing plate; 

Fig. 6 is a view for showing the configuration of an 
embodiment in which the surface to be measured is concave; 

Fig. 7 is a flow chart for explaining the arithmetic operation 
for calculating an aberration; and 

Fig. 8 is a view for showing the configuration of another 
embodiment in which the surface to be measured is convex. 
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[Description of the Reference Numerals and Symbols] 

1 ... Laser oscillator 

2 ... Objective lens 

3 ... Pin hole 

4 ... Collimator lens 

5 ... Spacing plate (Hartmann plate) 

6 ... Shielding plate 

7 ... Tested lens 

8 ... Image pick-up surface 

9 ... Moving mechanism 

10 ... Control circuit and computer 



